Purpose -Business Process Management systems (BPMSs) 
.
Introduction
A Business Process Management System (BPMS) is generic software that supports the modeling, analysis and enactment of business processes. Such software is often subsumed under the notion of a processaware information system [19] , which describes a system that is characterized by its reliance on explicitly modelled process logic in updatable schemes. These process schemes, purportedly, make it easy (i) to model and appropriate the routing of work items along a business process and (ii) to allocate work items to resources, either human or automated, which are most suitable to carry these out. The claimed advantages of the usage of these particular systems are consequently an enhanced routing and allocation quality. While the advantages of such increased agility are clear, our levels of knowledge about how BPMSs affect the daily work of employees remain inconclusive. For instance, some case studies have been carried out that report on dissatisfaction and resistance among its end users (e.g. [2] ), while similar studies in other contexts point to fairly great enthusiasm (e.g. [16] ).
The goal of our paper, accordingly, is to improve the understanding of the determinants and antecedents of the success of BPMS applications from the perspective of the end user. We define a BPMS application as an installed BPMS of some type (e.g. IBM's FileNet P8 platform, TIBCO's iProcess Suite, or Cordys' Business Operations Platform) that implements a specific workflow (e.g. claims handling or invoice processing) in support of a potentially varied group of end users involved in executing it (e.g. administrative staff, managers, and specialists).
To that end, based on our insights from multiple case studies [48, 51], we advance a theoretical model that describes the formation of user benefits in terms of perceived usefulness and satisfaction pertaining to a BPMS. The research model is inspired by, but not a replication of, the information systems success (IS success) model by DeLone and McLean [11] . We report on the evaluation of our model using data collected from users of four different BPMS applications.
The novelty of our contribution is twofold. First, the proposed conceptual research model amalgamates and extends the elements of DeLone and McLean's IS success framework, specifically the concept of system quality, to cater for the specific traits of BPMS applications, such as their pervasive usage by varying user groups as well as their unique system capabilities pertaining to the routing and allocation of work items along a business process involving numerous employees. As such, we extend our understanding of important antecedents of system quality and appropriate this framework towards its specific application for explaining the perceived satisfaction and usefulness of BPMS applications. Second, we validate our model using data collected from four different projects involving four different BPMS applications. Thereby, we can examine contextual differences based on the characteristics of the projects. In this way, we provide a substantial degree of evidence for the validity of our model.
We proceed as follows. In the next section we review the theoretical background relevant to our study. In section two we describe the development of our conceptual model and the hypotheses contained within. The third section describes the empirical research design as well as the findings. A discussion of our findings is presented in section four. Next, we discuss implications for research and practice and some limitations, before we conclude in the sixth section.
Prior Research
There is a wide consensus that the essential functionality of a BPMS coincides with that of a workflow management system (WfMS) [58] , although vendors and market analysts tend to downplay these similarities for commercial reasons [52] . The organizational advantages of using a WfMS can be summarized as: improved efficiency, reduction of cycle times, and a higher flexibility to change the business processes [32, 60] . Taking a process-centered view to establish such benefits is also central to Business Process Re-engineering (BPR) [27, 8] . But where the core emphasis of BPR is on changing the fundamental structures and procedures underlying an organizational process, the emphasis of using a WfMS or BPMS is on automating these using technology-based systems. That is, a WfMS or BPMS tool can be part of the implementation of BPR [25] but may also be part of other improvement efforts such as those related to strategic decisions, resource allocation or performance management [34] .
Within the extant literature on BPMSs and WfMSs, two research lines relevant to our work can be distinguished. The first stream can be characterized as technology-oriented. Since the seminal publication on workflow technology by Georgakopoulos et al. [22] , researchers have been concerned with enhancing its features. Various efforts have focused on the architectural side of WfMSs, such as its distribution and scalability, the transactional properties that underlie their functioning, and the integration with web services [41, 38, 24] . Most efforts in the technology-oriented stream stem from apprehension about the rigidity of early WfMSs. This has fostered various proposals for approaches and techniques to more flexibly deal with exceptions, (see e.g. [4, 7, 43, 28, 1, 20, 59] ). A more recent overview of the various approaches to enhance the dynamic capabilities of BPMSs is provided by Weber et al. [62] .
A second relevant research thread concerns the usability and use of BPM systems. So far, this field has received only limited attention, despite reported difficulties in matching the capabilities of BPMSs with the demands from its end users and the business environment (e.g., [2, 18] ). The still frequently cited study of Bowers et al. [2] , for instance, criticizes workflow systems by examining a partly failed implementation of such a system in a UK printing firm. Other studies, however, report on successful implementations as well as substantial associated benefits (e.g. [16, 35, 36] ). Doherty et al. [16] , for instance, find that managers' attitudes to a WfMS in the financial sector "show suspicion as well as enthusiasm" and identify cultural impacts such as integration, customer focus and performance orientation. Kueng & Hagen [35, 36] assess the implementation of a BPMS in a Swiss Bank and report that the cycle times and reliability of the re-engineered and automated business processes have been reduced, which was a good basis for further enhanced performance.
While the cited studies to some extent convey success factors of BPMS implementation and recognize the importance of the user as an ultimate stakeholder, the available analyses are qualitative in nature and do not extend beyond the scope of the cases examined, thus hampering a more systematic comparison and providing only fragmented insights into the usage of BPMSs.
A notable exception is De Waal & Batenburg [12] , a study in which an acceptance model has been tested. In the model, the importance of end users' participation and involvement in the acceptance of workflow systems shortly after implementation is accentuated. While the work in De Waal & Batenburg [12] confirms the viability of the idea to use and extend general IS success frameworks, their model is more directed towards the implementation phase of a workflow project and customized to a recently deployed new BPMS. In our research, we aim essentially at unraveling sustainable BPMS design characteristics that remain important throughout the lifecycle of a BPMS application.
Our research is further related to, and actually a continuation of, our earlier work [48] . Therein, we first analyzed two workflow projects and compared them qualitatively, using data from interviews and observations. We further quantitatively examined the proposed preliminary theoretical model using a sample of more than 230 end users. The model, using concepts from the user satisfaction and technology acceptance literature, (i) highlights the implementation of workflow systems; (ii) is directed towards the appropriation of workflow technology after implementation and (iii) investigates the importance of exogenous factors such as individual and job characteristics, and implementation-based elements such as user influence and service quality.
In order to understand end users' evaluation of operational BPMS applications more systematically, without a sole focus on implementation issues, we now argue the need for an appropriated success model that takes into account several typical BPMS-related issues:
-A BPMS has specific features, not present in other systems. Notably, in contrast to other types of IS technologies, BPMSs support not so much the work itself but also the coordination of work. From the host of literature that has dealt with improved mechanisms for this coordination (like in [4, 7] ), for example, it may be inferred that routing and allocation features will be essential for the success of a BPMS application.
-The usage of a BPMS application is mandatory. This is in most cases true from a managerial point of view (when governed as an organizational policy) and, more importantly, always true in a practical sense when long-running implementations of complex workflows are considered. It is very difficult for a single user to handle her work completely without a BPMS, since the other involved co-workers will use the BPMS to route work to her or expect to receive work through the BPMS from her. Moreover, since event logs of the BPMS are automatically recorded it is nearly impossible for end users to systematically avoid their usage undetected.
-Several different types of users (roles) may use the same BPMS application. Since all types of employees that are involved in the execution of a particular workflow are end users of the BPMS application supporting that workflow, a wide spectrum of end user profiles exists (e.g. from casual to heavy users). These differences should be taken into account to derive meaningful insights.
Therefore, using the studies of De Waal & Batenburg [12] and author1 [48] as useful sources of inspiration, we turn to the ICT success literature to distill a newfangled model that also starts from the end users' perspective, focuses on essential BPM system and information characteristics, and is particularly suited for operational BPMSs.
We recognize there are various other frameworks to determine the impact of information systems, including those that focus on the associated gains in organizational knowledge [30, 33] , the acceptance by the end user community (cf. the Technology Acceptance Model [9] ), perceived actual and future impacts [21] , or typical usability dimensions (such as those defined in the ISO 9241 norm). The framework that we deemed most suitable to develop a model that examines the impact of both BPM system and information characteristics on subsequent user evaluations is the Delone & McLean IS Success model (the ISSM, [11] ). This model focuses on the individual end user and has been appropriated and applied to evaluate a variety of IT systems such as e-commerce systems, knowledge management systems, elearning systems, e-government systems, etc. (e.g., [10, 64, 39, 61] ).
Our choice of the ISSM is justified on several counts. The ISSM is suited to be used to evaluate both mandatory and voluntary use of information systems. It concentrates on the evaluation of objective system and information characteristics that can enhance user satisfaction, and that are actionable through system re-design, as well as behavioural consequences such as use and individual impacts [63] . In particular, the ISS model is a well-supported expressive and generic framework that enables comparison between different systems and studies, whilst maintaining sufficient elasticity to allow for the absorption of new and existing constructs (sometimes originating from alternative frameworks). As an example, it is not unusual to find a TAM concept such as perceived usefulness within an ISS model [55, 49] . Also fundamental usability dimensions such as, effectiveness, efficiency and satisfaction, as expressed in the ISO 9421 norm, can be traced back in the ISSM. The model is also not focused on likely future impacts [21] but rather focuses on the evaluation of success based on actual experiences. Finally, it is sufficiently multifaceted and considers several altitudinal dimensions. Figure 1 presents the conceptual model of our study, which is based on the work of DeLone and McLean [11] . We explain the foundation of our model in the following.
Research Model

Figure 1: Research model
Our model suggests that perceived usefulness and perceived satisfaction are functions of information quality, system quality and service quality.
The hypothized relationships between these key determinants of perceived usefulness and perceived satisfaction, as well as the presumed influence of the important general and BPMS-specific antecedents are discussed below. First, we will start with the definitions and hypothesized relationships between the two success beliefs considered (usefulness and satisfaction). Then we continue with the modeling of system and information quality and service quality. Last, the role of workflow dependency will be clarified.
BPMS Success: Perceived Usefulness and Satisfaction
Numerous studies have confirmed the influential role of particularly system and information quality of the Delone & McLean model on success measures such as use, intention, satisfaction and benefits [45] . The role of use as a dependent variable in the ISS model has been the subject of some dispute though. Wellknown is Seddon's [55] re-specification of the ISS model, in which 'IS use' is a behavior that is caused by IS success, and thus not an integral part of it (although use might also influence success measures through a feedback loop). Correspondingly, in more recent models of IS success, perceived usefulness and user satisfaction are included as key success measures and their relationship has received strong support (see [45] for an overview).
These arguments about the role of usefulness versus usage as a success measure for information systems are particularly important in the context of BPMSs. Since these systems are pervasive, connecting several other systems and numerous end users [32, 60] , and on top of that may support the execution of highly structured and explicit process logic, end users may only have limited options in how to accomplish their flow of work. Such scenarios have been described in previous research (cf. [48, 2] ). In consequence, the extent of use cannot be an important success measure in our study.
Usefulness in particular is an appropriate construct to approximate net benefits stemming from the use of an information system [65] . Net benefits, in an ideal scenario, could also be measured using, for instance, cost savings or individual performance measures; however, in practice, it is often not possible to distil those benefits because the required data is not accessible or because benefits are largely intangible.
User satisfaction is an important success measure that has been defined as the feelings and attitudes that stem from aggregating all the efforts and benefits that an end user receives from using an information system [63, 31] . As such, we argue that user satisfaction is a concept that should be conceived as reflecting a global attitude that is influenced by system benefits [65] .
In light of these arguments, we view perceived usefulness as a measure of perceived system benefits. In turn, perceptions of usefulness will be positively related to satisfaction with the use of the BPMS, because they implies realization of expected benefits from system use (such as assistance in executing work tasks, effectively carrying out allocated tasks, identifying appropriate resources for completed tasks and so forth). Formally, we state:
H1: Perceived Usefulness positively influences Satisfaction.
In the ISS model of 2003, Delone and McLean propose potential feedback loops between Net Benefits, Use/Intention to Use, and Satisfaction. These loops represent the reinforcing effects that occur between these dimensions over time. In our model, a reversed influence from satisfaction to Usefulness can possibly be conceived, but since our study is a cross-sectional analysis and not a longitudinal one, our data analysis is not able to consider this feedback loop or other system dynamics [56] .
Information and System Quality
In Figure 1 , we suggest information and system quality as two primary determinants of perceived usefulness and, in turn, user satisfaction, in line with the ISSM framework..
DeLone and McLean define information quality as the degree to which an IS generates information in a sufficient and appropriate way [11] . Information quality is a multi-dimensional concept that relates to the accuracy, timeliness, completeness, relevance and consistency of the information that is provided by the system. If information is provided appropriately, completely, timely and accurately to a work task at hand, the perceptions of the usefulness of the system to support the work tasks will be higher. And indeed, extensive evidence exists to endorse the causal and positive relationships between information quality and usefulness. Petter et al. [45] refer to a set of 11 previous studies of which 9 confirmed the relationship between information quality and usefulness. We thus state:
H2: Information Quality has a positive impact on Perceived Usefulness
In a similar reasoning, we can expect information quality to increase satisfaction perceptions as well.
Better information provided by a system will ease work tasks, in turn increasing satisfaction in how the system supported the work. Ample evidence exists to show that this proposition holds. Petter et al. [45] report on 15 studies (out of 16) that sustain the relationship between information quality and user satisfaction. Formally, we have:
H3: Information Quality has a positive impact on Satisfaction.
System quality is a different, multi-faceted concept, which pertains to the qualities of the hard-and software that is used to produce or disseminate information. Delone and McLean propose several system quality dimensions that relate to characteristics that can be found in all classes of information systems. These dimensions include the reliability of the system, the integration with other system, functionalities of the system, the responsiveness to user interactions, and general perceptions of ease of use [11] .
Contrary to information quality, system quality has been treated less formally in the IS literature [42, 45] . Being multi-faceted, it has been measured in multiple ways:
 as ease of use only (e.g. [37, 49, 61] ),  as an aggregation of several sub dimensions, including ease of use (e.g. [64] ), or  as a determinant of ease of use (e.g. [63, 42] ).
We believe one key reason for the inconsistency in defining system quality is the scope and the interrelations between the abovementioned system quality sub-dimensions. In general, it can be stated that a system that is perceived to be easy to use indeed corresponds to a high level of general system quality [42] . In line with this view, we view ease of use as an important general property reflecting the perception of the amount of required efforts to interact with the system. From a designer's perspective though, being aware of the perceived level of ease of use does not result in specific operational guidelines or directives, and can in fact be the result of many causes.
By contrast, turning to the typically noted system quality sub-dimensions reliability, responsiveness and integration, we note that these are explicit attributes relevant to all types of information systems, which describe key traits of such systems that are actionable through appropriate system design interventions. Consequently, we consider reliability, integration and responsiveness as three relevant general determinants of system quality that will, in turn, be reflected in the system quality perceptions in the sense of the ease of using the system. A related and comparable breaking up between system attributes and a general system quality measure such as ease of use can also be found in [42] and [63] . Accordingly, we state:
H4: the General System Attributes Reliability, Responsiveness and Integration have a positive impact on System Quality.
In our previous research, we noted that BPMS applications are typically used by diverse types of employees [48] . Some end users, particularly those with largely administrative jobs use the BPMS as an application to record the results of their efforts (tasks) and to enter data that will be used by others along the business process. For those kinds of users, data entry facilities were more important than retrieving information from the BPMS. For other users, we found that both the quality of system inputs and the quality of system outputs were important. Some end users, for instance, regularly entered data into the system to complete a case (or work item), but were required to retrieve existing information from the same system in order to do so. This evidence, we believe, highlights the importance of a distinction between system input quality and output quality. While the latter, output quality, corresponds with the DeLone and Mclean notion of information quality provided by a system, we conceive input quality as a concept that we did not encounter yet in the literature. We define input quality as the degree to which the BPMS application enables the end user to enter data in a complete, understandable, sufficient, relevant, correct and timely way. Importantly, as input quality reflects the interaction with a BPMS application, we regard this concept as reflecting an actionable trait of a BPMS application that is subject to specific design interventions. Knowing that a BPMS -or any system requiring data input -has missing, insufficient or unclear data entry options for instance, will likely affect the level of perceptions of system quality (such as ease of use) but can also lead to specific design improvements. In turn, we state:
H5: Input Quality has a positive impact on System Quality.
Having specified the belief of system quality (as measured through ease of use), and its determination through information system quality attributes (reliability, responsiveness and integration) as well as input quality, we now turn to the specific focal features of a BPMS application, which distinguishes this type of system from other information systems. As discussed above, the BPMS-specific features relate to the allocation of business cases (or work items) to employees (within a certain step or role) and the routing of cases along the different steps (activities) of a business process [32, 60] . We thus contend that end users' evaluation of the implications of the declarative process logic of BPMS will be an important issue in their determination of system quality and ultimately system success beliefs. In particular, routing quality measures the degree to which an end user finds the routing (conditions) of a work item in a business process appropriate for her tasks. It refers to options to send a case forward or backward along the process. Conversely, allocation quality is a measure of the end users' evaluation of the allocation or selection of work items or cases to an end user within a particular step in the business process (see also [51] ). We thus regard allocation and routing quality as two important specific features of BPMS applications that raise perceptions about the quality of the system. Formally, we state:
The BPMS-specific System Attributes -Allocation quality and Routing quality -have a positive impact on System Quality.
The general quality perceptions of a BPM system will likely affect the perceived usefulness of the system and the satisfaction level of the end user directly [42] . This is because these perceptions capture beliefs and attitudes about the effort that is required in interacting with the system. If the quality of a system is high, users will be able to reap performance benefits more easily, in turn leading to increased perceptions of the usefulness of the system. Therefore, we propose:
H7: System Quality has a positive impact on Perceived Usefulness.
Similarly, high levels of perceptions of system quality suggest that users can learn and apply the system for their work tasks with little effort, leading to the achievement of positive work results in a faster way. Such a situation likely increases the satisfaction about the use of the system [40] . Therefore, we have:
H8: System Quality has a positive impact on Satisfaction.
Service Quality
In their revision of the ISS model, DeLone and McLean included service quality as a relevant determinant on the same level as information and system quality, suggesting it as an important dimension of IS success. Service quality can be defined as the quality of the support that end users receive from the IS department and has been measured in several ways (see [45] ). In this study, we consider training and ongoing support as actionable factors belonging to service quality.
Congruent with the literature on the ISS model, we belief service quality is a determinant of ISS. Yet, we believe that service quality is also a specific antecedent of system quality. The rationale is that the more a user is trained (and supported during her operations), the more she understands about the structure and possibilities of the application, enabling him to use it to its full potential, and likely elevating her perceptions of the quality of that system. We regard this as an important extension to the prevalent conception of service quality. Formally, we state:
H9: Service Quality has a positive impact on System Quality.
Additionally, congruent with the ISS model, we believe service quality is a determinant of our dependent variables perceived usefulness and satisfaction. The provision of complementary training and support services elevates the ability of a user to effectively and efficiently interact with a system, and in turn enables the user to reap benefits from the use of the system in a quicker and easier way, by providing knowledge to the user enhancing his ability to work with the system. Such service support will thus lead to increased perceptions about the usefulness, and in turn satisfaction, of the system.
Formally, we state:
H10: Service Quality has a positive impact on Perceived Usefulness.
H11: Service Quality has a positive impact on Satisfaction
Workflow Dependency
Research suggests that different types of BPMS users can be distinguished ([48, 2] ). In general, while some use the BPMS as a principal tool, supporting several of their (daily) core tasks, others use it only occasionally, as a peripheral coordination tool (i.e., only to register and/or distribute certain results of their efforts) [48] . An example is the difference between an account manager and a financial analyst using a BPMS application supporting a commercial credit process in a financial organization [48] . Whereas the first type of user spends almost half of her time with the customers (and uses the BPM system to register loan requests, typically after negotiations), the financial analyst spends hours a day analyzing and completing files with and within the system. Another example (taken from the sample presented below) is an administrative worker who needs to verify and complete requests in the BPMS application (and works more than 6 hours a day within the system) versus a medical practitioner who investigates medical claims (using her knowledge and medical resources outside the BPMS application) and finally registers her general conclusions into the system to route the claims along the process.
Therefore, we regard BPMS use as mandatory but varying in intensity. Indeed, we believe that different levels of workflow dependency exist between different types of users. Workflow dependency refers to the extent of interaction required from a user through the particular work processes she is responsible for.
One way of measuring workflow dependency is by examining the usage frequency rate, reflecting for instance the hands-on hours with the BPMS application in a certain period. The rationale is that the more an end user's activities depend on the workflow functionality implemented in a BPMS, the more she is required to use the system. Thus we interpret workflow dependency as usage frequency (measured in hours per week). As such, workflow dependency is an exogenous factor that is a function of the job and the role an end user has in a BPMS application.
Based on previous research and interviews with end users [48], we assert that the higher the workflow dependency of the user is, the more likely she will find this system important in her job, independent of the actual quality of that system. This is because for these people, the system likely denotes a key required component for executing work tasks, which will in turn influence usefulness perceptions. Conversely, users who use the system less frequently may have more difficulties to truly appraise the added value (the usefulness) of the system, because most of the tasks are executed outside the BPMS application and thus not dependent on the functionality of the system. In line with these arguments, we propose:
H12: Workflow dependency is a positive determinant of perceived usefulness.
Research Method
Data Collection
To test our hypotheses, we collected empirical data via a field survey of European users of four different operational BPMS applications, during 2007 and 2008. The survey method is appropriate when clearly identified independent and dependent variables exist, and a specific model is present that theorizes the relationships between the variables [47] , which is the case in our study. Prior to the survey conduct, twelve in-depth interviews and several informal talks were conducted with management, IT personnel and key users in order to appropriate the survey to the specifics of the four usage projects considered. In each organization, a pre-test of the survey was performed with 2 to 5 end users, to rectify any potential survey design issues.
Data was collected globally via a web-based instrument. Web-based surveys are advantageous over paper-based surveys in several ways (e.g., lower costs, no geographical restrictions, faster responses). Users were invited to participate in the online survey through contact emails distributed by management, IT personnel and key organizational users.
Specifically, we collected data from two major BPMS projects (297 respondents) and two smaller projects (27 respondents), which amounts to a total sample of 324 respondents. As three of the four projects considered BPMS applications that have been operational for several years, the usage of these systems can be considered stable (as opposed to initial appropriating use). All four usage projects concerned communal or governmental business processes.
In the first organization (project 1), a BPMS application was developed in the 'TIBCO BPM Suite', in order to enact a well-structured communal invoice and order process with more than 450 employees involved. In the second project, a BPMS application was developed in 'BPM|One' (formerly known as 'Flower'). The application is used in a governmental agency by more than 1200 end users to support a strictly regulated nationwide process that deals with citizens' objection and appeal requests. Project 3 and 4 are more recent and smaller projects. Project 3 concerns a process that handles requests on the subject of spatial and environmental planning (within a certain region) and is enacted with the 'BPM|One' system. The BPMS application is operational since the summer of 2008 and has 75 end users. In project 4, a governmental process dealing with the financial obligations of sentenced citizens has been automated since 2006 (using the Oracle e-Business Suite). The BPMS has 20 end users. 
Design and Measures
Twelve constructs were measured in this study: perceived usefulness, satisfaction, information quality, system quality, system reliability, system responsiveness, system integration, system input quality, system allocation quality, system routing quality, training service quality, support service quality and workflow dependency. All constructs except workflow dependency were measured using multiple-item scales, in the form of six-point Likert scales. Where possible, we re-used and adapted previously validated scales drawn from the technology acceptance [9] , satisfaction and IS success literature [55, 63] . New scale development efforts were based on our preliminary case study [48] and our pre-survey interviews and informal talks. Several survey pre-tests confirmed the suitability of the scale adaptations and development efforts. Appendix A provides operational definitions and measurement items for all constructs.
Satisfaction, and Perceived Usefulness
To measure PU, we adapted four items of the original measures in Davis' [8] Technology Acceptance Model. For satisfaction, instead of identifying the different theoretical dimensions of end user satisfaction [17] , for our purposes, we focused on measuring the more general belief towards the BPMS's usage. Therefore, we measured satisfaction using two items, asking in a general way whether the employee was satisfied with the provided BPMS solution.
System Quality Measurements
Reliability was measured using three items, e.g.: Is the BPMS available if required? Does it crash? Does information get lost in the system?. Responsiveness was measured with two items, evaluating the speed and reaction time of the system. In order to evaluate whether the provided solution was well integrated with legacy systems, we listed the context-specific applications that were integrated with the BPMS application (such as Word, Excel, specific databases, etc.), resulting in between two and four (depending on the BPMS project) formative items in the different projects.
We measured system input quality by developing six new items that tap into the provided facilities to insert information, and the degree to which information can be entered in a complete, understandable, easy, relevant and timely way.
We measured allocation and routing quality as the two BPMS-specific system attributes with two measurement items per construct. In particular, to measure allocation quality, we asked respondents how they evaluate the application's options (i) to select work items they need to process, and (ii) to (re)distribute work items among colleagues. To measure routing quality, we asked an appraisal of the predefined routing procedures (both forwards and backwards routing along the business process).
To measure system quality in the sense of ease of use, we adapted three items of the ease of use measures in Davis' Technology Acceptance Model, reflecting ease of application, ease of learning, and ease of interacting with the system.
Finally, in order to evaluate whether the provided solution was well integrated with legacy systems, we listed the specific applications that were integrated with the BPMS application (such as Word, Excel, specific databases, etc.). Between two and four such systems were identified for each of the BPMS applications. Respondents were then asked how well they could use the BPMS application in combination with each of the tools. As not every end user was necessarily confronted with every listed application, the response option 'not applicable' was included for each application. To standardize the results, we computed a one-item average integration score across all system integration combinations.
Information Quality Measurements
We measured information quality by using nine measurement items to capture the quality of the information output. The items concern issues such as the provided facilities to retrieve information, and the degree to which information can be retrieved in a complete, understandable, easy, relevant and timely way. We ensured to provide measures of the typical dimensions of information quality, viz., accuracy, readability, format, timeliness, completeness and relevance [11] and also consulted and discussed with some representatives of the cases.
Service Quality Measurements
To measure service quality, we developed two items for both training service quality and support service quality, by asking respondents to answer the following questions: "How do you evaluate the training/support you received" and "Did you receive sufficient training/support?".
Workflow Dependency
We measured workflow dependency as a proxy for BPMS usage frequency by asking respondents to selfreport their usage in terms of average hours per week spent working with the system, similar to the measures used in Burton-Jones & Gallivan [3] .
Data Inspection
In an initial step, we examined descriptive statistics about the four different BPMS usage projects considered (Table 2) . With the items being measured on 6-point Likert scales, average scores above 3.5 can be considered positive beliefs. Overall, 80 % of the end users are satisfied with their BPMS application and 77% find it useful (with average scores of respectively 4.20 and 4.01). In general, end users were satisfied with the training and support they (had) received. Note that routing quality and integration received lower average means (3.94 and 3.86) when contrasted to other system quality attributes.
As our sample consisted of four different BPMS usage projects in different organizations, project-specific effects might moderate the structural model and its paths. And indeed, our data examination between the project cases (ordered by size) confirmed that some response scores from the second (and biggest) project were significantly different from the first project (as confirmed by Kruskal-Wallis and pairwise Mann Whitney tests, see Examining the descriptive statistics, we note that project 1 received the highest scores for usefulness, satisfaction and system and information quality. Project 2 has significantly lower scores on most factors (except for responsiveness and integration). Workflow dependency is considerably higher in project 2 and project 4. Differences in training and support quality are not significant. We further note high scores of reliability and responsiveness together with low scores on allocation for project 3.
We conclude from our data inspection that we can pool the data from the four projects because of the sufficient variation between and within the projects. Nevertheless, based on sample size and the noted significant deviations in score means and variances of project 2, we also divided the sample in cohort 1 (project 1, 3 and 4) and cohort 2 (project 2) to test for a project effect (using multi-group analyses).
As aforementioned, respondents had the option to select 'not available/not relevant' for the integration measure, depending on whether or not they actually used the BPMS application in combination with other systems. This option led to 77 respondents not having an integration score. Because this data is not missing at random, thus having a theoretical meaning, we tested the importance of integration specifically within the subsample of respondents with an integration score only.
Measurement Model
To avoid potential interpretational confounding, we assessed the validity of our multi-item empirical indicators via confirmatory factor analysis before proceeding with the data analysis, following the suggestions by Segars and Grover [57] . Each scale item was modeled as a reflective indicator of its theorized latent construct.
The test of the measurement model includes the estimation of internal consistency and convergent and discriminant validity of the measurement items. During this process, it became apparent that one item (INFO5) of the information quality scale did not load appropriately. Therefore, we retained an eight-item measure for this construct. All constructs show sufficient internal consistency with Cronbach's Alphas of 0.7 or higher, except for responsiveness (0.64), which is still acceptable for a newly developed construct [43] . Table 3 also displays the composite reliability and average variance extracted (AVE) for each constructs, both of which are above the expected thresholds of 0.7 and 0.5 for all latent constructs, suggesting adequate convergent validity [26] . Discriminant validity is achieved (i) when the items load much higher on their own latent variable than on other variables, and (ii) when the square root of each construct's AVE is larger than its correlations with other constructs [6] . While we omit the display of all item cross-loadings in the interest of brevity, we confirm that all items loaded on their constructs as expected. Furthermore, all items loaded more highly on their construct than they loaded on any other construct, with the loading differences being greater than 0.10 for all cases. Finally, the data was tested for multicollinearity. We tested for all potential collinearity problems that had more than one predictor construct. In all cases, the variance inflation factor was below the 5.0 level.
Following our research model, we grouped system quality attributes into two 2 nd order constructs -specific BPMS attributes and general information system attributes -and advanced input quality as a new reflective construct. Specifically, following the arguments of Petter et al. [46] , we argue that BPMSspecific quality attributes (allocation and routing quality) and general information system quality attributes (reliability, responsiveness, integration) tap into different sub constructs and thus each individual attribute has a formative relationship with the construct it pertains to. Input quality is a new concept that we consider as particularly important for BPM applications. We presume it will likely be meaningful for several other systems, but not necessarily for each information system. In order to build formative second-order constructs, we used the two-step approach described in [14] . We initially estimated of the scores of the reflective first-order constructs for each sub-dimension of each of the two sub constructs general information system quality attributes and BPMS-specific quality attributes. The resulting latent variable scores (for integration, reliability and responsiveness, and allocation and routing quality, respectively) are subsequently used as indicators of the higher-order structural model analysis. The two-stage approach has advantages when estimating higher-order models with formative indicators [14] .
In assessing validity and reliability of the higher-order constructs, we performed a principal component analysis to examine the item weightings for each measure [14] . As displayed in Figure 2 , all item weightings were highly significant, suggesting adequate validity of the formative measures. Content validity of our items was ensured through our theoretical reflections, our prior case research [48] and our expert interviews conducted as part of the study design. With the highest VIF being less than 3.3, multicollinearity was not an issue for our formative construct [13] , suggesting reliability of the measures.
Structural Model
We examined the structural model using Partial Least Squares analysis with SmartPLS [54] . PLS has been used by a growing number of researchers and helps in screening out factors that have an insignificant effect on the dependent variables [53] . It merges a structural model (paths between constructs) with a measurement model (relationships between a construct and its items). PLS is specifically appropriate for examining complex models with formative as well as reflective indicators [14] , which was the case in our study. An alternative to PLS is covariance-based Structural Equation Modeling. The prediction-oriented PLS method, however, can be used as a theory-building method, which is very appropriate since we test a new model with new concepts and relationships. Moreover, PLS is particularly useful when performing multi-group analyses [29] and when the available data is not entirely normally distributed, which was the case in our study [6] . We proceeded with our data analysis in several steps.
In a first step, we examined the structural model for the complete data set but without considering integration as a concept (due to its measurement, as discussed above). The test of the structural model concerned estimating the path coefficients, which indicate the strengths of the relationships between the dependent and independent variables, and the R 2 values, representing the individual differences (variances) in the scores on a dependent variable that can be explained by the independent variables. Together, the R 2 and the path coefficients indicate how well the data supports the hypothesized model. The results are presented graphically in Figure 2 . 
Figure 2: Structural model results
The results displayed in Figure 2 show that our model explained 59% of the variance in perceived usefulness, 76% of the variance in user satisfaction, and 59% of the variance in system quality perceptions. As expected, system quality was a significant predictor of perceived usefulness (β = 0.48, p < 0.001) and user satisfaction (β = 0.41, p < 0.001). Information quality predicted usefulness (β = 0.32, p < 0.001) as well as satisfaction (β = 0.16, p < 0.001). Service quality was a function of training and support, as expected. Its impact on usefulness and satisfaction, however, was fully mediated by system quality (β = 0.12, p < 0.01). System quality was jointly determined by (1) the generic system quality attributes responsiveness and reliability, (2) the BPMS-specific attributes allocation and routing, and (3) input quality as the most important system quality attribute (β = 0.46, p < 0.001). The BPMS-specific attributes are more important (β = 0.23, p < 0.001), than the general information system attributes (β = 0.11, p < 0.05). Workflow dependency does have a significant effect on usefulness (β = 0.11, p < 0.05), meaning that more frequent users (spending more hours per week on the BPMS application), indeed experienced the system as being more useful to their job. The consequences for our hypotheses are summarized in Table 4 below.
Criterion Variable Predictors Global Sample
Global Sample with Sample Cohort1
Sample Cohort2
Cohort 1 vs.
Hypotheses (see Fig. 1 In Table 4 , the structural model results are presented for the entire data set (n=324), as well as for the subsample of 256 respondents of the 4 projects with an integration score and for the respondents belonging to cohort 1 (n=125, projects 1, 3 and 4) in contrast to cohort 2 (n=199, project 2 only), foreshowing our second step of the analysis.
In the second step, we examined the data for differences between the two cohorts, following our examination of the descriptive statistics. Applying the multi-group comparison method proposed by Henseler et al. [29] , we estimated and compared the structural models for each cohort.
Our analysis confirms the majority of the hypothesized relationships. The multi-group analysis indicated no significant differences between the two cohorts, confirming the stability of the model across different systems and projects.
Finally, in a third step we estimated the relevance of the general information system attribute integration, by examining the complete structural model with the subset of the data that featured integration scores. As can be seen from Table 4 , the relevant subsample with integration scores comprised 256 respondents across the four projects. Table 5 contains the relevance of the different formative sub-dimensions of service quality, generic system attributes and BPMS-specific system attributes changes across the two project cohorts. We used Henseler's approach again to examine the difference in the weights. The data in Table 5 suggests that integration is the most important indicator of the generic system quality attributes (β = 0.69, p < 0.001).
The inclusion of integration reduces the weight of reliability and makes responsiveness even nonsignificant. We also note that responsiveness is only significant in the second cohort. 
Contributions
Our data analysis provides an important set of findings that deserve discussion. At a global level, our empirical study confirms the viability of the key components of an IS success model in the application domain of BPMS applications. Our empirical study shows that information, system and service quality are important antecedents to perceived usefulness and user satisfaction. The explanatory power of our model, explaining 59% of the variance in perceived usefulness and 76% of the variance in user satisfaction, testifies to this conceptualization.
Examining the established model in more detail, we found empirical evidence for our introduced differentiation between input quality and other actionable general and BPMS-specific information system attributes, and their impact on system quality perceptions. Our results specifically indicate that input quality is by far the most crucial determinant of system quality, followed by the application-specific features (allocation and routing). Even taken separately, these attributes are more important determinants of system quality than the general system features responsiveness, reliability and integration. Considering the BPMS-specific attributes separately, we found routing quality to be more important than allocation quality, suggesting a higher importance to the way a system manages the flow of work items through a business processes than the way a system organizes the allocation of work to different process participants.
These findings are instrumental to informing qualities of good BPMS design. Surprisingly, whereas the literature related to the Delone and McLean framework seems to be focused on general system qualities and the information that results from a system, our findings suggest that information systems are evaluated by end users not only in terms of how well information is provided by the system but also by how information can be entered into the system. We note two important implications of this result. First, input quality is actionable, for instance, through appropriate user interface design. Second, we believe input quality is specifically but not solely important in the area of BPMS applications. For these, many of the work items and workflows center around digital form processing, with data (around product or services) being entered as part of the work tasks.
The relative dominant weight of input quality as antecedent to general system quality does not render other system features irrelevant though. Indeed, the BPMS-specific attributes but also reliability, responsiveness as well as integration (where applicable) were still found to remain as significant antecedents to system quality.
A third key finding of our study pertains to the relatively weakened role of information quality in determining satisfaction perceptions with regard to BPMSs. While in other studies of information success, information quality is a key success factor of satisfaction (e.g. [37, 49, 61] ); in the specific case of a BPMS application, we found information quality to be significant but a relatively weak determinant of user satisfaction. This finding suggests that, in BPMS usage contexts, system quality may be more important to usage satisfaction than the quality of information the system provides to the user. This finding can be explained through the focus of a BPMS on coordinating and supporting the way of working (the process) rather than providing information as an output of some (internal, undisclosed) process. We note, however, that information quality, similar to other studies, remains a significant and strong determinant of perceived usefulness, confirming its relevance to user evaluations of the fit of the system to the day-to-day work.
Finally, our multi-group comparison suggests our model to be largely stable across the different projects considered, lending credence to the validity of our findings. We only uncovered a difference between the cohorts with regards to the role of responsiveness, but note that the difference disappears when entering integration into the model. With the relative low importance of responsiveness (within the construct of generic system attributes) and also with responsiveness being only a moderately reliable measure in our study, we caution against over-interpreting this finding.
Limitations
Our findings have to be interpreted in light of some limitations. First, the evidence is limited to four cases, with two relatively small projects. The cases are also confined to governmental and communal processes. Future research should aim at more projects, including commercial enterprises. However, while acknowledging this limitation, we cannot come up with reasons why our cases would be fundamentally different from other BPM projects. Also, with the exception of one study [12] , we have no knowledge of similar studies in which even more than one BPM system or case is scrutinized.
Furthermore, the presented results are based on a cross-sectional analysis, and not a longitudinal evaluation. A result is that we are not able to study the feedback loops that likely exist in an ISSM or test for the stability of the model over time. Within the field of technology success and acceptance, a crosssectional analysis is very typical though, as the repeated collection of data may be perceived as quite intrusive by the end users or the management.
Finally, the constructs we measured are attitudinal and not behavioral dimensions. Each (latent) variable is gauged as a perception and observed behavioral indicators were not included. As a justification, we contend that as the success of a system should be experienced by the end user, her perceptions should dominate a success model. For some dimensions, i.e. satisfaction and service quality, it is even almost impossible to use objective measures, independent from the respondent. Moreover, even if certain users' claims related to the quality of the system and its information are due to their limited system knowledge, it is relevant to be aware of the users' view in order to take the right action (e.g. informing or training them better). A system with great features is useless, unless the users know them and are capable of using them.
Implications
For Theory
Our work has important implications for future research.
First, broadly, we believe our work extends the current vein of research on information systems success. Petter et al.'s [45] review of the work to date in this research theme suggested that the relationships between the dimensions of success (system quality, information quality and service quality -and their relationships to use and satisfaction) are not fully explored. In our work, we examined important relationships between system, information and service quality that advance our understanding of the multi-dimensional nature of system success. Specifically, we found service quality to positively influence system quality and we clarified the relationships between information quality, system quality and the dependent measures. By studying four mature systems in use, we find our results to be robust in this regard.
Second, Petter et al. [45] lamented slow progress on measuring the individual dimensions of success. In our work, we extended the current conception of system quality and developed a multi-dimensional formative construct comprising generic information system attributes, as well as (BPMS) applicationspecific attributes and input quality. Our new perspective offers a more detailed, multi-facetted understanding of the important dimensions of an information system that is evaluated positively by end users. Similar to the work by Gable et al. [21] on measuring success, our work can thus be seen as an encouraging example for how information systems success measurements can be improved and extended. Specifically, we identify at least two options to extend our focus of measurement. Scholars may follow a similar 'molar' approach in examining application-specific attributes of other types of information systems (e.g., transaction processing systems versus decision-support systems), to extend our understanding of important application type-specific antecedents to system quality perceptions. On a more generic level, our research stimulates the further advancement of a theory-based understanding of system quality as a multi-faceted constructs with several interrelationships between sub-dimensions and attributes that deserves a formal and standardized treatment.
Third, we are the first (to the best of our knowledge) to examine information input quality specifically and to contrast its relevance to other system features. Our conception provides support for an understanding of an information system as an input-process-output system, and our empirical study details some important findings about the relative importance of the input and output aspects of an information system. Using input quality as a separate construct has important implications for other types of multi-user systems (such as ERP applications), where inserting data into is likely to be as important as receiving information (such as reports). This conjecture, obviously, demands further attention and exploration.
Fourth, we regard the importance of the workflow dependency and its impact on perceived usefulness as theoretically stimulating. Our interpretation is that end users who will need the BPMS for a only limited subset of their duties may consider the system as a burden rather than an enabler of task performance. Indeed, in a previous study we carried out with respect to the use of a BPMS application in the setting of a Public Works Department [58] , the project leaders who hardly worked with the system were causing the greatest delays in the processing of invoices -often because they did not see the benefits of using the system to enhance their own task performance. This finding, together with the findings reported here, suggest that those end users with a limited involvement in the use of the BPMS in particular should be targeted to be informed on the overall business benefits of such systems in order to warrant positive evaluation and increased use satisfaction. The theoretical implication of this interpretation points to the relevance of examining task-technology-fit issues in the design of a BPMS application [23, 15] , and may also instruct research on the inhibitors of technology usage [5] .
For Practice
In addition to the academic merits, our findings are of relevance to the community of BPM practitioners, particularly BPMS application developers, project managers and BPM consultants.
On the forefront, our research resulted in a theory-based model that can be used to evaluate (mature) BPMS applications. In turn, it may serve as a post-implementation health check, as well as a basis for benchmarking between systems, users or application projects.
Secondly, the insertion of generic system attributes, input quality, as well as BPMS-specific system attributes as determinants of a general system quality construct leads to specific insights into the design of such systems and thus can assist designers in improving BPMS applications. Specifically, for BPMS application developers, our findings stress the relevance of input quality and BPMS-specific system features and their positive impact on general system quality perceptions. The possibility to enter data in an understandable way, with sufficient help and correct options, seems indispensible. An example we encountered in our studies involved an employee who needed to add specific comments to work items, directed to a next step along the process, but was not able to do so. Instead, the employee worked around the system, making phone calls or visiting the addressee in the nearby building. Another example encountered concerned the choice between categories in a drop down list that do not match the situation at hand.
Thirdly, developers must also pay attention to configure the routing options of work items to suit what end users find appropriate, determining a fine balance between entirely prescribing the flow of work and allowing end users to deviate from it. While our results emphasize an elevated importance of routing and, to a lesser extent, allocation features, they do not eradicate the importance of generic system features (such as reliability or integration). Rather, they denote additional important system requirements that need to be met in an appropriate design. Indeed, the data indicate that an unfavorable reliability and integration also significantly affect the general quality with which the system is associated.
A fourth key implication, we believe, stems from the role of integration for BPMS application. We noticed how a considerable fraction of end users regarded 'integration' as a non-applicable dimension of system quality (see Table 2 ). So, despite the fact that the integration with heterogeneous applications often has been singled out as the Achilles' heel for BPMS technology (e.g. [22] ), this should not be seen as a universal threat. From the perspective of the end user, the BPMS applications may be valued as an independent tool that is used for coordination purposes. In fact, the integration of the BPMS application with other enterprise systems is often transparent from the end user's perspective. In our sample, the integration that was noticeable and could possibly hinder their tasks related to the exchange of information between the BPMS and simple office tools (like a word processor or a spreadsheet). On the other hand, when the BPMS application is supposed to collaborate with applications in an explicit way, a hampered integration is to be conceived as an important obstacle to the usefulness of the BPMS application.
Fifth, the noted importance of factors such as ease of use and input quality (as determinants of perceived usefulness and satisfaction), emphasizes that BPMS project teams should not only focus on system attributes and technical enhancements, but also pay considerable attention to the alleviation of the required efforts to interact with the BPMS application. In particular, BPMS applications should endow end users with sufficient information-retrieval facilities (in the form of search features, reports, etc.); but it seems equally important to provide the targeted users with sufficient means to enable them to enter data in a complete, consistent, accurate and timely way (as reflected in the impact of input quality).
Finally, it is also clear that for the mature BPMS applications we considered -some of which have been used for more than eight years -adequate support and training remain important elements. The relative importance of support is clearly in line with the advanced stage of BPMS use in the cases we considered. In other words, most end users will have had their initial training but will now depend on the adequate response to their evolving needs for appropriating the BPMS to changing circumstances.
Conclusions
With a sample of 324 end users of 4 different BPMS projects, we validated a success model of BPMS that comprises system, information and service quality, and their impact on user evaluations in terms of perceived usefulness and user satisfaction. Our model is inspired by the ISS model of DeLone and McLean, and extends this model with input quality, and general as well as BPMS-specific system attributes. Specifically, we appropriated the model to take BPMS features into account that have been designed to improve the quality of the routing and allocation of work items along a pre-defined process scheme. The notion of input quality is equally an essential system quality attribute that focuses on the data entry process and deserves further consideration for other enterprise information systems as well.
With this study we fill the empirical gap that still prevails in the BPMS research community, which exerts a traditional focus on technical research and the modeling and analysis of complex business processes. Being the first study (to the best of our knowledge) that examines mature BPMS application usage, analyzing end user perceptions for a range of projects, our results show that these applications are viable in the long run and can well be accepted by a great majority of end users. Our work discards the image of a BPMS application that acts like a "bureaucratic dictator". We also believe that it serves a useful purpose in extending the understanding of system quality theoretically, and our understanding of the real-life use and appropriation of process-aware information systems. 
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